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PROBLEM TO BE SOLVED: To suppress deterioration of an insulating 
film by making the diameter of a grain at the face in contact with the 
insulating film of a polycrystalline silicon film smaller than the maximum 
limit grain diameter which does not cause defects in the insulating film. 
SOLUTION: An element isolating region 2 is made on a semiconductor 
substrate 1 . Furthermore, a gate oxide film 3 is made on a silicon 
substrate 1. Next, in the first place, a polycrystalline silicon film 4a is 
stacked by, for example, 100nm by a decompression CVD method, and 
further a second polycrystalline silicon film 4b is stacked by 100nm for 
example. The first polycrystalline silicon film 4a and the second 
polycrystalline silicon film 4b are processed into desired patterns. An 
oxide film 5 is made on the second polycrystalline silicon film 4b, and 
subsequently a silicon nitride film 6 is stacked, and further a silicon 
oxide film 7 is made. After formation of the oxide film 9, source/drain 
regions are made by ion implantation, and the oxide film 9 is made thick 
whereby a flash memory is completed. Hereby, fraction defective can be 
reduced by suppressing the deterioration of the insulating film. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The particle size in the field which touches said insulator layer of said polycrystalline silicon film in the 
semiconductor memory possessing the capacitor structure which consists of polycrystalline silicon film, an 
insulator layer formed on this polycrystalline silicon film, and an electrode formed on this insulator layer is a 
semiconductor memory characterized by being smaller than the maximum cut size which does not make said 
insulator layer generate a defect. 

[Claim 2] A semi— conductor substrate and the 1st gate dielectric film formed on this semi— conductor substrate 
In the semiconductor memory possessing the control gate electrode formed on the floating-gate electrode 
formed on said 1st gate dielectric film, the 2nd gate dielectric film formed on this floating-gate electrode, and 
this 2nd gate dielectric film The particle size in the field where said floating-gate electrode is formed with the 
polycrystalline silicon film, and touches said insulator layer of said polycrystalline silicon film is a semiconductor 
memory characterized by being smaller than the maximum cut size which does not make said insulator layer 
generate a defect. 

[Claim 3] The particle size in the field which touches said insulator layer of said polycrystalline silicon film is said 
semiconductor memory according to claim 1 or 2 characterized by being less than 1 0Onm. 

[Claim 4] The process which forms the 1st insulator layer on a semi-conductor substrate, and the process which 
forms a floating-gate electrode on said 1st insulator layer, In the manufacture approach of a semiconductor 
memory of providing the process which forms the 2nd insulator layer on said floating-gate electrode, and the 
process which forms a control electrode on said 2nd insulator layer It is the manufacture approach of the 
semiconductor memory characterized by forming said floating-gate electrode by depositing the polycrystalline 
silicon film twice or more, and forming the maximum upper layer of said polycrystalline silicon layer in thickness 
smaller than the maximum cut size which does not make said 2nd insulator layer generate a defect. 
[Claim 5] The thickness of the maximum upper layer of said polycrystalline silicon film is the manufacture 
approach of said semiconductor memory according to claim 4 characterized by being less than 100nm. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor memory which has the capacitor constituted 

through the insulator layer formed on the polycrystalline silicon film, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In the semiconductor memory, many memory cells using the capacitor constituted 
with the polycrystalline silicon film, the insulator layer formed on the polycrystalline silicon film, and the 
electrode formed on this insulator layer like DRAM (Dynamic Random Access Memory) or EEPROM (Electrically 
Erasable Programmable Read Only Memory) are used. In such a eel, a data-hold property or the rewritable count 
of data determines [ the quality of this capacitor insulator layer ] a property with important memory. 
[0003] For example, in the non-volatile semiconductor memory which accumulates a charge in the floating-gate 
electrode covered with the insulator layer, and holds data, especially a flash EEPROM (package elimination mold 
EEPROM) eliminates data using FN tunnel current which flows through the insulator layer formed between the 
floating-gate electrode and the control gate electrode by extracting a charge from a floating-gate electrode to a 
control gate electrode. 

[0004] The structure of EEPROM which used the flash memory for drawing 20 is shown, drawing 20 — ( — a — ) 

— gate length — a direction — drawing 20 — ( — b — ) — gate width — a direction — a sectional view — 
being shown — respectively — ( — a — ) — ( — b — ) — it can set — A-A — 1 — a cross section — ( — b — ) 

— ( — a — ) — it can set — B-B — ' — a cross section — being shown - — **** . The floating-gate electrode 4 
is formed through the 1st gate oxide 3 on a silicon substrate 1, and the control gate electrode 8 is formed 
through the second gate dielectric film 1 1 which consists of insulator layers of three more layers. The charge 
accumulated in the floating-gate electrode 4 lets the second gate dielectric film 1 1 pass, and is control gate 
electrode 8 HE omission ********. 

[0005] The manufacture approach of the conventional flash EEPROM is shown in drawing 14 thru/or drawing 20 . 
Like above-mentioned drawing 20 , among drawing, (a) is the direction of gate length and (b) is the sectional view 
of the gate width direction, a silicon substrate 1 top — LOCOS — the component isolation region 2 which 
consists of field oxide by law is formed ( drawing 14 ). 

[0006] Next, it heat-treats in an oxygen ambient atmosphere, after forming the 1st gate oxide 3 on the silicon 
substrate 1 exposed to the component field ( drawing 15 ), 200nm of 1st polycrystalline silicon film 4 is 
deposited with a reduced pressure CVD method, and it is POCI3 further. It heat— treats in an ambient 
atmosphere and Lynn is added in the 1st polycrystalline silicon film 4 ( drawing 16 ). Next, the 1st polycrystalline 
silicon film 4 is processed into a desired pattern using the usual lithography method and a usual etching 
technique ( drawing 1 7 ). 

[0007] Then, it heat-treats in the mixed ambient atmosphere with a temperature of 1000 degrees C of nitrogen 
(N2) and oxygen (02), and the 17nm oxide film 5 is formed on the processed polycrystalline silicon film 4, the 
15nm silicon nitride film 6 is continuously deposited with a reduced pressure CVD method, and silicon oxide 7 is 
formed on a silicon nitride film 6 with a 950 more-degree C combustion oxidation style. Thus, the 2nd gate 
dielectric film 1 1 of ONO (Oxide-Nitride-Oxide) structure is formed. Next, 350nm of 2nd polycrystalline silicon 
film 8 is deposited, and it is POCI3. It heat-treats in an ambient atmosphere and Lynn is added in the 
polycrystalline silicon film 8 ( drawing 18 ). 

[0008] Then, the 2nd polycrystalline silicon film 8, the 2nd gate dielectric film 11, and the 1st polycrystalline 
silicon film 4 are processed into a desired pattern using the usual lithography method and a usual etching 
technique ( drawing 1 9 ). Next, after oxidizing at the temperature of 1000 degrees C and forming the back oxide 
film 9, the source and a drain diffusion layer field are formed with ion-implantation, by heat-treating in an oxygen 
ambient atmosphere with a temperature of 950 degrees C, the back oxide film 9 is made still thicker, and a flash 
memory is completed ( drawing 20 ). 
[0009] 

[Problem(s) to be Solved by the Invention] Thus, in the conventional flash EEPROM, the charge accumulated in 
the floating-gate electrode is extracted using FN tunnel current which flows the 2nd gate dielectric film 11 of 
the above-mentioned ONO (Oxide-Nitride-Oxide) structure. For this reason, the defect resulting from the defect 
of the ONO film occurs by repeating the writing and elimination of data. For example, it is rewriting of the data 
which make the writing and elimination of data 1 cycle in the conventional EEPROM 106 A ******** case, ten 
defects occur in 1000 pieces and there is a problem that the quality (he is one or less defect to 1000 pieces) 
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usually demanded cannot be guaranteed. 

[0010] Analysis showed that the quality of this ONO film had the membraneous quality of the oxide film 5 of the 

1st layer formed by oxidizing the polycrystalline silicon film 4, and a very strong correlation. 

[0011] The purpose of this invention is controlling degradation of this insulator layer and offering a non-volatile 

semiconductor memory with few percent defectives by raising the quality of the insulator layer formed on the 

polycrystalline silicon film. 

[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem and to attain the 
purpose, the semiconductor memory by this invention possesses the capacitor structure which consists of 
polycrystalline silicon film, an insulator layer formed on this polycrystalline silicon film, and an electrode formed 
on this insulator layer, and particle size in the field which touches said insulator layer of said polycrystalline 
silicon film is characterized by being smaller than the maximum cut size which does not make said insulator layer 
generate a defect. 

[0013] Moreover, the 1st gate dielectric film with which the semiconductor memory by this invention was formed 
on a semi-conductor substrate and this semi-conductor substrate, The floating-gate electrode formed on said 
1st gate dielectric film, and the 2nd gate dielectric film formed on this floating-gate electrode, The control gate 
electrode formed on this 2nd gate dielectric film is provided. Particle size in the field where said floating-gate 
electrode is formed with the polycrystalline silicon film, and touches said insulator layer of said polycrystalline 
silicon film is characterized by being smaller than the maximum cut size which does not make said insulator layer 
generate a defect. 

[0014] Furthermore, the manufacture approach of the semiconductor memory of this invention The process 
which forms the 1st insulator layer on a semi-conductor substrate, and the process which forms a floating-gate 
electrode on said 1 st insulator layer, The process which forms the 2nd insulator layer on said floating-gate 
electrode, and the process which forms a control electrode on said 2nd insulator layer are provided. Said 
floating-gate electrode is formed by depositing the polycrystalline silicon film twice or more, and thickness of the 
maximum upper layer of said polycrystalline silicon layer is characterized by being smaller than the maximum cut 
size which does not make said 2nd insulator layer generate a defect. 

[001 5] Since the particle size of the polycrystalline silicon film in the field which touches the insulator layer 
formed on the polycrystalline silicon film in the semiconductor memory by this invention is smaller than the 
maximum cut size which does not make this insulator layer generate a defect as a result of providing the above- 
mentioned means, the quality of an insulator layer can improve and the semiconductor memory which has 
capacitor structure with few percent defectives can be offered. 

[001 6] Such a solution means is based on the experimental result that the poor proof pressure of a capacitor 
insulator layer depends to the particle size of the polycrystalline silicon film in the field which touches this 
insulator layer very strongly. 

[0017] The experimental data of proof-pressure measurement of a capacitor insulator layer is shown in drawing 
21 . This data heat-treats the 1st polycrystalline silicon film which added Lynn in the mixed ambient atmosphere 
with a temperature of 1000 degrees C of the nitrogen (N2) of hydrochloric-acid (HCI) content, and oxygen (02), 
and forms the oxide film of 10nm of thickness. It is the result of forming the 2nd polycrystalline silicon film on 
this oxide film furthermore, impressing an electrical potential difference between this 1st and 2nd polycrystalline 
silicon film, and performing proof-pressure measurement of a capacitor insulator layer. An occurrence percent 
defective is shown on an axis of abscissa at the particle size in the oxide-film interface of the 1st polycrystalline 
silicon film, and an axis of ordinate. The sample destroyed by 5 or less MV/cm in proof^pressure measurement 
carries out to an occurrence percent defective comparatively, and it is defined as it. When the particle size in 
the insulator layer interface of the polycrystalline silicon film becomes larger than 100nm from this drawing 21 , 
it turns out that an occurrence percent defective increases rapidly. That is, according to this experiment, the 
maximum cut size which does not make an insulator layer generate a defect is 100nm, and can reduce the 
percent defective of an insulator layer by making smaller than 100nm particle size of the polycrystalline silicon 
film in the field which touches an insulator layer. 

[0018] In addition, the particle size of the 1st polycrystalline silicon film is controlled by this experiment by 
depositing the 1st polycrystalline silicon film in 2 steps using a reduced pressure CVD method. That is, after 
depositing 100nm of polycrystalline silicon film, for example, a thin oxide film is formed in this polycrystalline 
silicon film front face by once picking out a substrate from equipment. Then, it will be in the condition that the 
ultra-thin natural oxidation film was formed between two-layer polycrystalline silicon film, by depositing 1 0Onm of 
polycrystalline silicon film on this natural oxidation film using a reduced pressure CVD method, for example again. 
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Then, although the crystal grain of the polycrystalline silicon film grows by heat treatment of the Lynn diffusion 
etc., in order that grain growth may stop with said natural oxidation film, particle size does not become larger 
than deposition thickness. Thus, the particle size of the polycrystalline silicon film in an insulator layer interface 
is changed by changing the thickness of the maximum upper layer of the polycrystalline silicon film from 50nm to 
200nm. a final particle size — TEM (Transmission Electron Microscope) etc. — the cross-section configuration 
was observed and it was checked. 

[0019] Moreover, proof-pressure measurement with the same said of an ONO insulator layer was performed, and 
the 100nm maximum cut size was obtained. It turns out that the particle size of the polycrystalline silicon film in 
an oxide-film interface determines the quality of this oxide film, and the quality of this oxide film of the 1 st layer 
determines the quality of the ONO film further from such two experimental results. Moreover, it turns out that 
the quality of the ONO film can improve by setting particle size of the polycrystalline silicon film in an oxide-film 
interface to lOOnm or less. 

[0020] As mentioned above, by making particle size of the polycrystalline silicon film in the field which touches 
an insulator layer smaller than the maximum cut size which does not make this insulator layer generate a defect 
using the above-mentioned experimental result, the semiconductor memory by this invention improves the 
quality of an insulator layer, and offers the semiconductor memory which has capacitor structure with few 
percent defectives. 

[0021] Moreover, since the particle size of the polycrystalline silicon film which constitutes a floating-gate 
electrode from a semiconductor memory by this invention is smaller than the maximum cut size which does not 
make the 2nd insulator layer generate a defect, it is possible by improving the quality of this 2nd insulator layer 
to control degradation and to offer a semiconductor memory with few percent defectives. 
[0022] Furthermore, by the manufacture approach of the semiconductor memory by this invention, the 
polycrystalline silicon film is deposited twice or more, and a floating-gate electrode is formed. Since the natural 
oxidation film is formed between two-layer polycrystalline silicon film, the particle size of the polycrystalline 
silicon film cannot grow more greatly than the thickness of the polycrystalline silicon film. For this reason, the 
quality of the 2nd insulator layer can be improved by making thickness of the maximum upper layer of this 
polycrystalline silicon film smaller than the maximum cut size which does not make the 2nd insulator layer 
generate a defect. Thus, degradation of the 2nd insulator layer can be controlled and the manufacture approach 
of a semiconductor memory with few percent defectives can be offered. 
[0023] 

[Embodiment of the Invention] Hereafter, it is explained with reference to a drawing about the gestalt of 
operation of this invention, using the memory cell of a flash EEPROM as an example. Drawing 1 thru/or drawing 
9 are drawings explaining the gestalt of the 2nd operation by this invention according [ the gestalt, drawing 10 , 
or drawing 13 of the 1 st operation ] to this invention, each — drawing — inside — ( — a — ) — and — ( — b — ) 

— respectively — a floating gate — an electrode — gate length — a direction — and — gate width — a 
direction — it can set — a memory cell — a sectional view — it is — respectively — ( — a — ) — ( — b — ) — 
it can set — A-A — ' — a cross section — ( — b — ) — ( — a — ) — it can set — B-B — ' — a cross section 

— being shown — **** . 

[0024] Hereafter, the gestalt of the 1 st operation is explained, the semi-conductor substrate 1 top — LOCOS - 

— the component isolation region 2 is formed by law ( drawing 1 ). Next, it heat-treats, for example in the mixed 
ambient atmosphere with a temperature of 800 degrees C of oxygen (02) and a hydrogen chloride (HCI), and the 
1st lOnm gate oxide 3 is formed on the silicon substrate 1 exposed to the component field ( drawing 2 ). 
[0025] Then, unlike the former, 1st 100nm polycrystalline silicon film 4a is first deposited with a reduced 
pressure CVD method, for example ( drawing 3 ), and 2nd 100nm polycrystalline silicon film 4b is deposited 
further, for example ( drawing 4 ). Thus, with the gestalt of this operation, the polycrystalline silicon film is 
deposited in 2 steps. 

[0026] Next, POCI3 with a temperature of 850 degrees C Heat treatment for 25 minutes is performed in an 
ambient atmosphere, and Lynn is added in 1st polycrystalline silicon film 4a and 2nd polycrystalline silicon film 
4b. 1st polycrystalline silicon film 4a and 2nd polycrystalline silicon film 4b are processed into a desired pattern 
using the usual lithography method and a usual etching technique ( drawing 5 ). 

[0027] Then, it heat-treats, for example in the mixed ambient atmosphere with a temperature of 1000 degrees C 
of nitrogen (N2) and oxygen (02), and the 17nm oxide film 5 is formed on 2nd processed polycrystalline silicon 
film 4b, the 15nm silicon nitride film 6 is continuously deposited with a reduced pressure CVD method, a silicon 
nitride film 6 is oxidized with a 950-degree C combustion oxidation style further, for example, and silicon oxide 7 
is formed. Thus, the 2nd gate dielectric film 1 1 of ONO (Oxide-Nitride-Oxide) structure is formed ( drawing 6 ). 
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[0028] Next, the 3rd polycrystalline silicon film 8 is formed, for example, it is 900-degree C POCI3. It heat-treats 
in an ambient atmosphere and Lynn is added in the 3rd polycrystalline silicon film 8 ( drawing 7 ). The 3rd 
polycrystalline silicon film 8, the 2nd gate dielectric film 11, 2nd polycrystalline silicon film 4b, and 1st 
polycrystalline silicon film 4a are processed using the usual lithography method and a usual etching technique 
( drawing 8 ). 

[0029] After heat-treating in the mixed ambient atmosphere with a temperature of 1 000 degrees C of nitrogen 
(N2) and oxygen (02) and forming the back oxide film 9, Lynn (P) and an arsenic (As) are poured in into the 
semi-conductor substrate 1 with ion-implantation, the source and a drain field are formed, by heat-treating in an 
oxygen ambient atmosphere with a temperature of 950 degrees C further, the back oxide film 9 is thickened and 
a flash memory is completed ( drawing 9 ). 

[0030] With the gestalt of the above-mentioned implementation, although 1st polycrystalline silicon film 4a and 
2nd polycrystalline silicon film 4b were deposited in every 100nm 2 steps, respectively, if the thickness of the 
polycrystalline silicon film deposited at the end is 100nm or less and the polycrystalline silicon thickness of the 
sum total which constitutes a floating gate further is desired thickness (the gestalt of the above-mentioned 
implementation 200nm), the count to deposit and thickness will not be restricted to the gestalt of this operation. 

[0031] Moreover, although the thin natural oxidation film can be formed on 1st polycrystalline silicon film 4a by 
picking out a substrate 1 from deposition equipment between deposition of 1st polycrystalline silicon film 4a in 
the gestalt of the above-mentioned implementation, and 2nd polycrystalline silicon film 4b After depositing 1 st 
polycrystalline silicon film 4a, it is in the condition which contained the substrate 1 in deposition equipment, and 
it is also possible by sending in an oxygen ambient atmosphere in equipment to form a thin oxide film and to 
deposit 2nd polycrystalline silicon film 4b again. If it does in this way, since insertion into the deposition 
equipment of a substrate 1 and an activity, such as discharge, can be excluded, productive efficiency will 
improve. 

[0032] Moreover, although 1st polycrystalline silicon film 4a and 2nd polycrystalline silicon film 4b were deposited 
without adding an impurity and Lynn is added on the 1st and 2nd polycrystalline silicon film by the subsequent 
Lynn diffusion with the gestalt of the above-mentioned implementation, the addition approach of the impurity to 
the polycrystalline silicon film may use other approaches. 

[0033] For example, they are after 100nm deposition and 850-degree C POCI3 about the 1st polycrystalline 
silicon film. Heat treatment for 10 minutes is performed in an ambient atmosphere, 100nm of 2nd polycrystalline 
silicon film is deposited after this, and it is 850-degree C POCI3 again. It is also possible to perform heat 
treatment for 10 minutes in an ambient atmosphere. 

[0034] Furthermore, it is also possible to add Lynn for **** on the 1 st and 2nd polycrystalline silicon film using 
the ion-implantation approach in the Lynn diffusion. For example, after depositing 1 st polycrystalline silicon film 
4a, it is also possible to perform the ion implantation of Lynn and to perform an ion implantation for 2nd 
polycrystalline silicon film 4b again after deposition further. 

[0035] Moreover, when depositing the polycrystalline silicon film using a reduced pressure CVD method, Lynn 
may be added to coincidence. The approach of adding an impurity to the above polycrystalline silicon can also 
combine the approach of being different, respectively about 1st polycrystalline silicon film 4a and 2nd 
polycrystalline silicon film 4b. 

[0036] Moreover, in the gestalt of the above-mentioned implementation, although Lynn was explained to the 
example as an impurity added to the polycrystalline silicon film, as long as it is the impurity which gives 
conductivity to polycrystalline silicon film, such as an arsenic (As) and boron (B), for example, what kind of 
matter may be used. 

[0037] Thus, according to the gestalt of implementation of the above 1st, after depositing 1st polycrystalline 
silicon film 4a for the polycrystalline silicon film which constitutes a floating gate, it forms by depositing 2nd 
polycrystalline silicon film 4b. At this time, between the 1st and 2nd polycrystalline silicon film, the ultra-thin 
natural oxidation film 2nm or less can be formed, and it can accumulate, and can control that the particle size of 
polycrystalline silicon grows in subsequent heat treatment. That is, particle size of this 2nd polycrystalline silicon 
film 4b can be set to 100nm or less by setting thickness of this 2nd polycrystalline silicon film 4b to 100nm or 
less. Thus, the membraneous quality of the oxide film 5 oxidized and formed in 2nd polycrystalline silicon film 4b 
can be improved, and it becomes possible to improve the membraneous quality of the ONO tunnel oxide film 11 
constituted with this oxide film 5 and a nitride 6, and an oxide film 7. 

[0038] Next, the gestalt of the 2nd operation is explained using drawing 13 from drawing 10 . As usual, after 
forming the 1st gate oxide 3 in the component field on a semi-conductor substrate, the 1st 200nm 
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polycrystalline silicon film 4 is deposited with a reduced pressure CVD method ( drawing 10 ). 
[0039] Here, unlike the former, an ion implantation is performed for an arsenic on the 1 st polycrystalline silicon 
film 4 with the dose of 3x1015cm-2 ( drawing 1 1 ), and the ion implantation of Lynn is further performed with the 
dose of 3x1015cm-2 ( drawing 1 2 ). At this time, the peak of the concentration of an arsenic serves as a depth 
of about 50nm from the front face of the 1st polycrystalline silicon film 4, the peak of the concentration of Lynn 
is deeper than an arsenic, and the acceleration voltage of an ion implantation is suitably set up so that it may 
have a distribution core in a 1st gate-dielectric-film side. 

[0040] Next, using the usual lithography method and a usual etching technique, the 1st polycrystalline silicon film 
4 is processed, the ONO insulator layer 11, the polycrystalline silicon film 8 which constitutes a control gate 
electrode, the source and a drain diffusion layer, and back oxide-film 9 grade are formed like the gestalt of the 
1st operation henceforth, and a flash memory is completed ( drawing 13 ). 

[0041] With the gestalt of implementation of the above 2nd, the impurity to the 1st polycrystalline silicon film 4 
used as a floating-gate electrode is added not by the Lynn diffusion but by the ion implantation of Lynn and an 
arsenic. Although these impurities are diffused and it is activated like a next heat process, the crystal grain of 
the polycrystalline silicon film 4 grows up to be coincidence. At this time, since the diffusion coefficient of an 
arsenic is smaller than the diffusion coefficient of Lynn, grain growth of the polycrystalline silicon film 4 in the 
field where the concentration of an arsenic is high is slower than the field where the Lynn concentration is high. 
According to the experiment, it was observed that the particle size of the polycrystalline silicon film 4 in the field 
where the concentration of an arsenic is high is small about 30 percent compared with the field where the Lynn 
concentration is high. Thus, particle size near the front face of the polycrystalline silicon film 4 can be made 
small by performing an ion implantation so that the peak of the concentration may be located near the front face 
of the polycrystalline silicon film 4 in an arsenic. 

[0042] By making the depth of this peak shallower than the maximum cut size (it sets in the gestalt of this 
operation and is 100nm) which does not make an oxide film 5 generate a defect at the maximum, still more 
preferably Particle size of the polycrystalline silicon film 4 in oxide-film 5 interface can be made into the 
maximum cut size which does not make an oxide film 5 generate a defect, i.e., 100nm, and the following by 
carrying out to half [ half / less than / of this maximum cut size ], i.e., 50nm. It is necessary to set up the 
acceleration voltage of an ion implantation suitably so that it may have such concentration distribution. 
[0043] Moreover, in order to fully maintain the donor concentration of the polycrystalline silicon film 4 and to 
prevent the depletion-ization, the ion implantation of Lynn is performed further. From polycrystalline silicon film 
4 front face, the peak location of this concentration sets up acceleration voltage suitably so that 100nm and a 
twist may also become deep in the gestalt of the maximum cut size, i.e., this operation. As long as it is only for 
fully maintaining donor concentration, this ion implantation may use an arsenic. However, like Lynn of the gestalt 
of the above-mentioned implementation, by carrying out the ion implantation of an arsenic and the element of a 
different kind more deeply than an arsenic, a grain boundary is made to exist between the crystal grain 
containing an arsenic, and crystal grain including Lynn in the grain growth at the time of next heat treatment, and 
grain growth can be controlled. 

[0044] Thus, it has the same conductivity and particle size of the polycrystalline silicon film 4 in oxide-film 5 
interface can be made small by being shallow in an element with a small diffusion coefficient, and carrying out 
the ion implantation of the element with a large diffusion coefficient deeply using the impurity with which 
diffusion coefficients differ. . 

[0045] In addition, with the gestalt of implementation of the above 2nd, after performing the ion implantation of 
an arsenic, the ion implantation of Lynn is carried out, but even if this sequence is reverse, it is not cared about. 
Furthermore, although two ion implantations were performed with the gestalt of the above-mentioned 
implementation, when the thickness of the polycrystalline silicon film 4 is thick, it is also possible to perform 
three ion implantations or more according to the thickness, in this case, the maximum cut size in which the peak 
location of the concentration of the smallest impurity of a diffusion coefficient does not make an oxide film 5 
generate a defect using two or more kinds of impurities with which diffusion coefficients differ — as long as that 
one half and a twist are also preferably shallow, the ion implantation of the thing of the same kind may be carried 
out twice or more. Or it is also possible to carry out the ion implantation of three or more kinds of impurities. 
[0046] In the gestalt of two above-mentioned implementation, if the concentration of the impurity contained in 
the polycrystalline silicon film 4 exceeds 1x1021cm-3, since the problem of a superfluous impurity being spread 
in the 1st gate dielectric film 3 or the 2nd gate dielectric film (especially oxide film 5), and degrading the 
dependability of these insulator layers will occur, it is necessary to make concentration of an impurity into less 
than [ this ]. When the concentration of the impurity contained in the polycrystalline silicon film 4 is less than 
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[ 1x1 020cm - ] three and an electrical potential difference is impressed to a control gate electrode as mentioned 
above, a floating-gate electrode will depletion-ize and it will become impossible moreover, to fully control the 
carrier concentration of a substrate by this applied voltage. For this reason, as for the concentration of an 
impurity, carrying out more than this is desirable. 

[0047] Moreover, although the gestalt of two above-mentioned implementation described the non-volatile 
semiconductor memory, this invention is applicable to all the semiconductor memories that have the capacitor 
structure which consists of not only the gestalt of the above-mentioned implementation but polycrystalline 
silicon film, an insulator layer formed on it, and an electrode further formed on it. 

[0048] Furthermore, in the gestalt of two above-mentioned implementation, although the ONO film was stated to 
the example, the 2nd gate dielectric film 1 1 can apply the relation between the particle size in the insulator layer 
interface of the polycrystalline silicon film, and the quality of an insulator layer also about the capacitor 
structure of having the insulator layer of one layer of oxide films, since it is observed also in the oxide film of 
one layer, as mentioned above. Moreover, it is applicable also about the insulator layer which has the laminated 
structure of not only the ONO film but various insulator layers which used the oxide film for the 1st layer 
[0049] 

[Effect of the Invention] As mentioned above, in the semiconductor memory by this invention, by improving the 
quality of the insulator layer formed on the polycrystalline silicon film using the polycrystalline silicon film with a 
small particle size, degradation of this insulator layer can be controlled and a percent defective can be reduced. 
[0050] Furthermore, according to the manufacture approach of the semiconductor memory by this invention, it is 
possible by making small particle size of the polycrystalline silicon film in an interface with an insulator layer to 
improve the quality of the insulator layer formed on the polycrystalline silicon film, to control degradation of this 
insulator layer, and to manufacture a semiconductor memory with a low percent defective. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view of the gestalt of the 1st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 2] The explanatory view of the gestalt of the 1st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 3] The explanatory view of the gestalt of the 1st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 4] The explanatory view of the gestalt of the 1 st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 51 The explanatory view of the gestalt of the 1st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 6] The explanatory view of the gestalt of the 1 st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 7] The explanatory view of the gestalt of the 1st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 8] The explanatory view of the gestalt of the 1st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 9] The explanatory view of the gestalt of the 1 st operation by the non-volatile semiconductor memory 
of this invention. 

[Drawing 10] The explanatory view of the gestalt of the 2nd operation by the non-volatile semiconductor 
memory of this invention. 

[Drawing 1 1] The explanatory view of the gestalt of the 2nd operation by the non-volatile semiconductor 
memory of this invention. 

[Drawing 12] The explanatory view of the gestalt of the 2nd operation by the non-volatile semiconductor 
memory of this invention. 

[Drawing 13] The explanatory view of the gestalt of the 2nd operation by the non-volatile semiconductor 
memory of this invention. 

[Drawing 14] Drawing showing the production process of the conventional non-volatile semiconductor memory. 
[Drawing 1 5] Drawing showing the production process of the conventional non-volatile semiconductor memory. 
[Drawing 16] Drawing showing the production process of the conventional non-volatile semiconductor memory. 
[Drawing 1 7] Drawing showing the production process of the conventional non-volatile semiconductor memory. 
[Drawing 18] Drawing showing the production process of the conventional non-volatile semiconductor memory. 
[Drawing 1 9] Drawing showing the production process of the conventional non-volatile semiconductor memory. 
[Drawing 20] Drawing showing the production process of the conventional non-volatile semiconductor memory. 
[Drawing 21] Drawing showing the experimental data in which the technical source of this invention is shown. 
[Description of Notations] 

1 — A semi-conductor substrate, 2 [ — 5 The polycrystalline silicon film, 7 / — An oxide film, 6 / — A nitride, 
8 / — The polycrystalline silicon film, 9 / — An after oxide film, 11/ — The 2nd gate dielectric film ] — Field 
oxide, 3 — The 1 st gate oxide, 4, 4a, 4b 
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